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bstract
This paper presents a FACTS operation scheme to enhance the power system security. Three main generic types of FACTS
evices are introduced. Line overloads are solved by controlling active power of series compensators and low voltages are solved
y controlling reactive power of shunt compensators, respectively. Especially, the combined series-shunt compensators such as
PFC are applied to solve both line congestions and low voltages simultaneously. Two kinds of indices that indicate the security
evel related to line flow and bus voltage is utilized in this paper. They are iteratively minimized to determine operating points of
he devices for security enhancement. The sensitivity vectors of the indices are derived to determine the direction of minimum.
he proposed algorithm is verified on the IEEE 14-bus system with FACTS devices in a normal condition and in a line-faulted
ontingency.
 2015 The Authors. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
http://creativecommons.org/licenses/by-nc-nd/4.0/).
eywords: FACTS (Flexible AC Transmission Systems); Security margin; Loading factor; TCSC; SVC
.  Introduction
Most of the world’s electric power supply systems are widely interconnected. This is done mainly for economic
easons, to reduce the cost of electricity and to improve reliability of power supply. As power transfers grow, the power
ystem becomes increasingly more complex to operate and the system can become less secure for riding through the
ajor outages.
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2.  Steady  state  limitations  of  power  transmission
The power transmitted across the transmission line is represented by the power equation, given in Eq. (1).
P  = V1V2
X
sin δ  (1)
V1 and V2 represent the sending end and receiving end voltages respectively. For the discussion, we are considering
here V1 = V2 = V. It is well known that the maximum power, Pmax = V2/X, transmittable over a lossless line at a given
transmission voltage, is totally determined by the line reactance X and thus sets the theoretical limit for steady state
power transmission. A practical limit for an actual line with resistance R  may be imposed by the I2R loss that’s heats
the conductor. At a certain temperature the physical characteristics of the conductor would irreversibly change (e.g., it
could get deformed with permanent sag). This sets a thermal  limit  for the maximum transmittable power. Generally,
for long lines X, and for short lines R  would provide the main transmission limits.
From the power angle equation, it can be inferred that the power level can be enhanced by either increasing the
angle difference between the two buses or by increasing the voltage magnitude at the two ends. The angle difference is
usually restricted to below 30◦/35◦ from transient stability considerations. On the other hand, the voltage magnitudes
cannot also be increased arbitrarily as they are stipulated to be within 5% of the nominal voltage (Aboreshaid and
Billinton, 1999; Kundur, 1994; Sauer and Pai, 1997).
So we can say that, the loading capability has primarily, three limitations:
• Thermal
•  Dielectric
•  Stability
For the thermal limits, there is the possibility of upgrading a line by changing the conductor to that of a higher current
rating, which may in turn require structural upgrading. Finally, there is the possibility of converting a single-circuit
to a double-circuit line. Once the higher current capability is available, then the question arises of how it should be
used. Will the extra power actually flow and be controllable? Will the voltage conditions be acceptable with sudden
load dropping, etc.? It can be achieved by the compensation of the line. Traditionally, Electro-Mechanical equipments
were used to compensate the line. But they provide large switching transients, and compensation is achieved only in
a stepwise manner. These controllers have the disadvantages that, control cannot be initiated frequently because these
mechanical devices tend to wear out very quickly compared to static devices. So, to alleviate or to compensate for the
less secure and the reducing quality of supply, we need to have compensators based on the solid state technology. The
power electronics devices i.e., the solid state devices based Flexible AC  Transmission Systems (FACTS) technology
has open up new opportunities for controlling power and enhancing the usable capacity of present, as well as new
and upgraded lines. The possibility that current through a line can be controlled at a reasonable cost enables a large
potential of increasing the capacity of existing lines with larger conductors, and use of one of the FACTS controllers to
enable corresponding power to flow through such lines under normal and contingency conditions. These improvements
have arise through the ability of FACTS controllers to control the interrelated parameters that govern the operation of
transmission systems including series impedance, shunt impedance, current, voltage, phase angle, and the damping of
oscillations at various frequencies below the rated frequency (Hingorani and Gyugyi, 2000; Sauer and Pai, 1997).
From an insulation point of view, many lines are designed very conservatively. Care is needed to insure that dynamic
and transient over voltages are within limits. The FACTS technology could be used to insure acceptable over-voltage
and power flow conditions.
The stability issues that limit the transmission capability are:
• Transient stability
• Steady-state stability
•  Frequency collapse
•  Voltage collapse
• Sub synchronous resonance
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UFig. 1. The basic types of FACTS devices; (a) series controllers, (b) shunt controllers, (c) combined series-shunt controllers.
.  Basic  types  of  FACTS  devices
The FACTS technology can certainly be used to overcome many of the stability limits, in which case the ultimate
imits would be thermal and dielectric. There are three major facets of FACTS controllers. They are shunt  controllers,
eries controllers  and phase  angle  controllers. These are combined categorized also as combined  series-series  and
ombined series-shunt  controllers.
Fig. 1 shows schematically the basic model of FACTS devices (Hingorani and Gyugyi, 2000). In principle, the series
ontrollers inject voltage in series with the line and the shunt controllers inject current into the system at the point of
onnection. The combined series-shunt controllers inject current into the system with the shunt part of the controllers
nd voltage in series in the line with the series part of the controllers.
Table 1 lists the representative kinds of FACTS devices with controlled parameters (Haque, 2008). The series
ontrollers such as TCSC (Thyristor Controlled Series Compensator), SSSC (Static Synchronous Series Compensator)
able 1
omparative study of different types of FACTS devices.
ACTS controller FACTS parameters Parameter controlled
TATCOM (with storage system) Voltage control, VAR compensation, damping
oscillations, transient and dynamic stability, voltage
stability.
Q
tatic VAR compensator (SVC,
TCR, TCS, TRS)
Voltage control, VAR compensation, damping
oscillations, transient and dynamic stability.
Q
tatic sync. series compensator
(SSSC)
Current control, damping oscillations, transient and
dynamic stability, voltage stability.
P
hyristor controlled series capacitor
(TCSC, TSSC)
Current control, damping oscillations, transient and
dynamic stability, voltage stability, fault current
limiting.
P
hyristor controlled series reactor
(TCSR, TSSR)
Current control, damping oscillations, transient and
dynamic stability, voltage stability, fault current
limiting.
P
nter Line Power Flow Controller
(IPFC)
Reactive power control, voltage control, damping
oscillations, transient and dynamic stability, voltage
stability.
P  and Q
nified Power Flow Controller Active and reactive power control, voltage control, VAR
compensation, damping oscillations, transient and
dynamic stability.
P  and Q
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and TCPAR (Thyristor Controlled Phase-Angle Regulator) can be used to alleviate line overloads and increase transfer
capability (Sharma, 2006; Gupta, 2000). The Shunt controllers such as SVC (Static Var Compensator) and STATCOM
(Static Synchronous Compensator) can compensate the voltage by injecting directly or indirectly reactive power at the
low voltage bus.
The combined series-shunt controllers such as UPFC (Unified Power Flow Controller) can be employed in the
system to release the power flow congestion as well as support voltages, since it combines the features of both series
controllers and shut controllers (Gotham and Heydt, 1998).
In installing the FACTS in the power system, there are three common requirements as follows:
• What type of FACTS device should be installed?
• Where in the system should it be placed?
• How much capacity should it have?
This paper focuses on the first two of these requirements. The choice of devices type and the decision of installed
location of FACTS devices are closely related to the objective of installation. For example, the series controllers are
installed in the line where the active power control is necessary, and the shunt controllers are applied to the bus suffering
low voltage to control the reactive power and support the voltage.
Fig. 2 shows the active power flow between two systems and controllable variables by each FACTS device. As shown
in Fig. 2, the series controller can control the reactance and the shunt controller can control the voltage magnitude of
sending and receiving end, respectively. The phase shifting transformer can control the phase angle of sending and
receiving end. Especially, UPFC can control all variables. Although a UPFC is a versatile device, it is necessary to
consider the installation cost and to install FACTS devices economically. Application of the shunt controllers instead
of UPFC is more economic where the only voltage compensation is necessary. Likewise, applying the series controllers
instead of UPFC can cut down the cost in controlling only flows (Yorino et al., 2003; Haque, 2008).
4.  Proposed  method  for  optimal  placement  of  FACTS  controllersThe proposed sensitivity based approach for denomination of optimal location of FACTS controllers is described
below.
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.1.  Placement  of SVC
The reactive power demand QDi at a bus-i, in a general form (Ajjarapu and Christy, 1992), can be written as:
QDi =  QDib +  λKDiSbase sin φi (2)
Dib = reactive power demand at bus i at the base case operating point; λ = loading factor common to all the bases;
Di = constant multiplier showing the rate of change of loads at the bus i; φi = power factor angle of the increased load
t the ith bus; Sbase = MVA base value used for scaling to the equivalent MVAR load increase.
The reactive power injection Qi at bus i can be given by
Qi =  QGi −  QDi (3)
here QGi = reactive power generation at bus i.
The transmitted reactive power QT  at the bus i can be expressed as:
QTi =
n∑
j=1
ViVjYij sin(δi −  δj −  θij) (4)
here Vi ∠  δi = complex voltage at bus i; Vj ∠  δj = complex voltage at bus j; Yij ∠  θij = Gij + jBij = ijth element of the bus
dmittance matrix; n  = total no. of buses in system.
From Eqs. (2)–(4) reactive power balance equation at the bus i can be written as:
QGi − (QDib + λKDiSbase sin φi) =
n∑
j=1
ViVjYij sin(δi − δj − θij) = −V 2i Bii +
n∑
j = 1
/= 1
ViVjYij sin(δi − δj − θij) (5)
Partially differentiating Eq. (5) w.r.t. QGi provides the expression for the sensitivity factor,
∂λ
∂QGi
= 1
KDiSbase sin φi
⎡
⎣1 +  2Vi ∂λ
∂QGi
Bii −
n∑
j=1
[(
Vi
∂λ
∂QGi
+  Vj ∂λ
∂QGj
)
(Yij sin(δi − δj −  θij))
+ViVjYij sin(δi −  δj −  θij)
(
∂δi
∂QGi
− ∂δj
∂QGj
)]⎤⎦ (6)
The sensitivity factor ∂λ
∂QGi
which relates changes in loading factor w.r.t. change in reactive power generation can
e computed using Eq. (5) for the system intact condition and under critical contingencies for all the load buses. The
us having maximum positive value ∂λ
∂QGi
for each of the critical contingency has been identified as the potential bus
or the SVC placement. The critical contingencies had been identified using modified reactive support index (MRSI).
The partial derivatives ∂Vj
∂QGi
,
∂δj
∂QGi
(j  =  1.  .  .n) in Eq. (5) can be derived for different buses from the inverse
acobian matrix of the full Newton Raphson flow in polar form. Since voltage stability occurs at the saddle node
ifurcation point (maximum load ability point) the sensitivities should be calculated at a stressed case close to the
aximum loadability point. The maximum loadability point under practical contingency can be found using the
ontinuation power flow method after placement of the SVC had selected buses the post contingency loading margin
an be computed for all the survey outage cases, a load bus that produces maximum enhancement in loading margin
or majority of the severe case has been selected as the optimal location for the SVC installation..2.  Placement  of TCSC
For placement of TCSC linear sensitivity of loading factor- (λ) w.r.t. line reactance (say Xij of a line – K  connected
etween bus i and j) has been computed. In order to obtain an approximate relationship of this sensitivity factor series
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reactance of the line has been neglected. With this assumption the reactive power balance Eq. (5) can be written as:
QGi −  (QDib +  λKDiSbase sin φi) =  V 2i
⎛
⎜⎜⎜⎝Bsh,i −
n∑
j =  1
/=  1
1
Xij
⎞
⎟⎟⎟⎠+
n∑
j =  1
/=  1
ViVj
Xij
sin
(
δi −  δj − π2
)
= V 2i
⎛
⎝Bsh,i −∑nj  =  1
/=  1
1
Xij
⎞
⎠+∑n
j  =  1
/=  1
ViVj
Xij
cos(δi −  δj) (7)
Ysh,i =  Gsh,i +  jBsh,i =  shunt admittance at bus −  i
The expression for the sensitivity factor has been obtained by partially differentiating (7) w.r.t. reactance of line i–j
and neglecting the sensitivity terms relating changes in complex voltages w.r.t. line reactance this produces
∂λ
∂Xij
= 1
KDiSbase sin φi
Vi
X2ij
[Vi −  Vj cos(δi −  δj)] (8)
where reactive power flow through line i–j  is assumed to be from bus j to bus i.
The ∂λ
∂Xij
sensitivities have been calculated for each of the line under severe outage condition at a stressed point
near to the maximum load ability point. In this first step few candidates lines having most negative value of the ∂λ
∂Xij
sensitivity factor for the critical contingency cases have been identified for the TCSC placement. The post contingency
loading margin has been computed after TCSC placement in each of the candidates lines. The optimal location of the
TCSC have been considered in a line producing maximum enhancement loading margin after the TCSC placement for
most of the critical.
4.3.  Placement  of  UPFC
UPFC is a controller providing the capability of both shunt and series FACTS controllers in enhancement the system
loadability or stability margin. For the purpose of providing shunt controller action, it can be modeled as a constant
voltage (variable reactive power) source at the UPFC bus. For series controller action, it can be considered as a variable
reactance in a line where it is placed. In this work, the phase shifting effect of UPFC has not been considered. The
placement of UPFC in a line having most negative sensitivity of loading factor with respect to line reactance, toward
a bus having maximum positive value of the sensitivity of loading factor with respect to reactive power generation,
is expected to result in the maximum enhancement in loading margin. However, the bus having the largest value of
sensitivity of loading factor with respect to reactive power generation may not necessarily be connected to the line
having highest sensitivity of loading factor with respect to line reactance, in a power system network. Hence placement
of UPFC is proposed at a bus having high priority for SVC placement, and simultaneously being one of the end buses
of line having high priority for TCSC placement.
5.  Case  studies
The proposed method for the placement of FACTS controllers has been applied to IEEE 14-bus Indian system.
5.1.  IEEE  14-Bus  SystemThe sensitivity factors at all the load buses, were computed using Eq. (6) at a loading value close to the saddle-node-
bifurcation point (maximum loadability point) for the intact system case and for each of these critical contingencies.
The value of these sensitivity factors for the load buses in each of the critical contingency cases as well as for the intact
system case, are given in Table 2. From this table, it is observed that the bus-8 has the maximum positive value of
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Table 2
Value for the load buses – IEEE 14 Bus System.
Bus no. ∂λ
∂Q
Gl value
Intact case Outage of
transformer
1–2
Outage of line
2–4
Outage of
transformer
1–8
Outage of
line 6–7
Outage of
line 8–3
Outage of
line 9–8
Outage of
line 2–9
Outage of
transformer
9–6
7 0.52 0.16 0.67 0.53 0.69 0.24 1.30 1.12 1.82
8 22.1a 142.4a 36.76a 5.93a 21.75a 19.74a 28.9a 37.6a 29.18a
9 −1.89 −6.22 −6.95 −2.85 0.61 −1.65 −4.39 −4.31 −2.71
10 1.49 1.23 1.94 1.67 1.93 1.15 3.18 2.89 3.54
11 3.28 1.93 4.22 3.67 2.58 3.36 6.73 6.53 6.64
12 3.64 2.48 4.52 4.28 3.11 5.49 5.66 6.87 6.65
13 1.45 1.17 1.74 1.65 1.08 2.00 2.42 2.63 2.51
1
s
t
l
s
fl
v
S
p
i
s
t
s
T
V
L
1
1
14 2.22 1.85 2.69 2.43 2.52 2.11 4.08 4.04 4.64
a Max. sensitivity value.
ensitivity factor for the intact system case, and for all the severe outage cases. Hence, this bus has been selected as
he optimal site for a SVC placement.
The impact SVC placement at bus-8 on voltage stability enhancement was studied by calculating post-contingency
oading margin under severe outages and also the loading margin of the intact system with and without SVC in the
ystem. The critical loading factors were determined for each of these cases with the help of a continuation power
ow software package UWPELOW. While running the continuation power flow, the SVC was modeled as a constant
oltage (variable reactive power) source with its reactive power output varying between +5.0 p.u and −5.0 p.u. The
VC bus (bus-8) was considered as a PV bus with voltage magnitude fixed at the pre-contingency base value. The
ost-contingency loading margin values and loading margin for the intact system are given in Table 4. From Table 4,
t is observed that the placement of the SVC at bus-8 causes considerable enhancement in loading margin for all the
evere outage cases as well as for the intact system case.To determine the optimal placement of TCSC, the sensitivity factors, for all the lines (excluding transformers and
he lines connected between generators at both the ends) were computed under critical contingencies as well as for the
ystem intact case using Eq. (8) at the stressed loading condition same as for the calculation of sensitivities. The value
able 3
alue for the different lines – IEEE 14 Bus System.
ine ∂λ
∂Xij
value
Intact case Outage of
transformer
1–2
Outage of
line 2–4
Outage of
transformer
1–8
Outage of
line 6–7
Outage of
line 8–3
Outage of
line 9–8
Outage of
line 2–9
Outage of
transformer
9–6
1–8 −59a −60.3a −84.4 −2.85 −42.6 −40.37 −76a −84.4 −75.34a
2–8 −53.1 −48.2 −99.90a −68.99a −51a −42.68a −25.5 −93a 67.90
4–9 −7.72 −1.84 84.22 3.04 −3.49 −1.13 2.16 4.68 −5.64
9–8 299 39.22 687.51 55.54 67.3 457.04 −2.85 550.1 248.49
6.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2–9 24.6 20.52 46.20 26.52 19.8 23.35 33.5 −1.00 29.54
6–7 −7.69 −7.03 −7.22 −7.41 −2.85 −7.47 −8.13 −8.07 −8.03
7–10 −14.0 −14.98 −11.83 −15.51 −1.43 −29.60 −6.65 −12.8 −9.26
3–11 −18.2 −18.17 −21.61 −16.05 −38.9 7.16 −34.0 −20.8 −29.48
3–12 −14.7 −14.35 −15.02 14.44 −16.9 −12.78 −16.4 −15.0 −15.88
3–13 −20.7 −20.68 −21.54 −20.04 −26.2 −14.21 −25.2 −21.4 −23.98
7–14 −6.08 −6.20 −5.47 −6.29 −2.85 −9.71 −4.07 −5.72 −4.73
0–11 7.88 2.09 11.32 5.95 28.3 −15.47 22.9 10.45 18.42
2–13 −2.23 −2.37 −2.51 −2.11 −3.69 −0.28 −3.51 −2.43 −3.21
3–14 −2.26 −2.19 −2.71 −2.05 −4.79 0.75 −3.90 −2.56 −3.38
a Most negative sensitivity value.
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Table 4
impact of SVC placement on loading margin: IEEE 14 Bus System.
Line considered for outage Loading margin
Without TCSC With TCSC in line 2–8
Intact system (no outage) 0.87 0.89
1–2 a 0.86
2–4 0.34 0.50
1–8 0.50 1.22
6–7 0.52 0.57
8–3 0.53 0.54
9–6 0.64 0.78
9–8 0.66 0.70
2–9 0.68 1.34a Load flow diverge.
of these sensitivity factors for all the lines (excluding transformers and lines connected to generators at the two end) in
each of the severe outage cases and for the intact system case, are given in Table 3. It is observed from this table that
the line 2–8 has the most negative value of the sensitivity factor for the outage of lines 2–4, 1–8, 6–7, 2–9, and for the
outage of transformer 8–3. However, the line 1–8 has the most negative sensitivity value for the intact system and for
the outage of line 1—2, 9–8, and transformer 9–6. Hence, lines 1–8 and 2–8 were selected as the candidate lines for
the placement of TCSC.
The loading margin for the intact system and for the critical contingency cases under post-contingency condition,
with TCSC placed in the two candidate lines, was computed using the UWPFLOW package. While running the
continuation power flow, static model of TCSC was considered, modeled as a line reaction compensator. The degree
of compensation provided by the TCSC, considered in this paper, was 50% in each of the candidate lines. The post-
contingency loading margin under each of the critical contingencies, and loading margin for the intact system, with
TCSC placed in each of the selected lines (lines 2–8 and 1–8), were computed. The loading margins for different cases,
with and without TCSC in the system, are shown in Table 5. It is observed from this table that the placement of TCSC
in line 1–8 causes maximum enhancement in loading margin for majority of the critical contingencies and also for the
intact system. Hence, line 1–8 has been selected as the optimal place for the TCSC.
Incidentally, bus-8, which is the optimal location for SVC is connected to line 1–8 (optimal location for the TCSC).
Hence, UPFC placement was considered toward bus-8 in line 1–8. The UPFC was modeled as a combination of constant
voltage (variable reactive power) source with the UPFC bus (bus-8) voltage maintained at the pre-contingency base
value, and a static series compensator providing 50% capacitive compensation in the line 1–8. The post contingency
loading margins and the loading margin for the intact system in the presence of UPFC were computed using UWPFLOW.
Table 6 compares the loading margin value for the intact system and post-contingency loading margins under critical
Table 5
Impact of TCSC placement on loading margin: IEEE 14 Bus System.
Line considered for outage Loading margin
Without TCSC With TCSC in line 2–8 With TCSC in line 1–8
Intact system (no outage) 0.87 0.89 1.01
1–2 a a 0.29
2–4 0.34 0.37 0.42
1–8 0.50 0.55 0.50
6–7 0.52 0.53 0.58
8–3 0.53 0.54 0.57
9–6 0.64 0.66 0.72
9–8 0.66 0.66 0.71
2–9 0.68 0.73 0.85
a Load flow diverge.
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Table 6
Impact of FACTS controllers on loading margin: IEEE 14 Bus System.
Line considered for outage Loading margin
Without any
FACTS controllers
With SVC at bus 8 With TCSC in line 1–8 With UPFC in line
1–8 toward bus 8
Intact system (no outage) 0.87 1.38 1.01 1.40
1–2 a 0.86 0.29 1.23
2–4 0.34 0.50 0.42 0.51
1–8 0.50 1.22 0.50 1.22
6–7 0.52 0.57 0.58 0.57
8–3 0.53 0.54 0.57 0.54
9–8 0.66 0.70 0.71 0.71
2–9 0.68 1.34 0.85 1.35
a Load flow diverge.
c
p
v
vFig. 3. Voltage profile of most critical bus for IEEE 14 Bus System (intact case).
ontingencies for the four cases – (i) without any FACTS controller, (ii) with SVC placed at bus-8, (iii) with TCSC
laced in line 1–8 and (iv) with UPFC placed in line 1–8, toward bus-8.The voltage profiles at the most critical bus for these four cases were plotted using UWPFLOW. Fig. 3 shows the
oltage profiles of the most critical bus for the intact system with and without FACTS controller in the system. The
oltage profiles of the most critical bus for the three most severe outage (outage of lines 1–2, 2–4 and 1–8) are shown in
Fig. 4. Voltage profile of most critical bus for outage of line 1–2 for IEEE 14 Bus System.
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Fig. 5. Voltage profile of most critical bus for outage of line 2–4 for IEEE 14 Bus System.Fig. 6. Voltage profile of most critical bus for outage of line 1–8 for IEEE 14 Bus System.
Figs. 2–4 respectively. The impact of TCSC for outage of line 1–8 does not appear in Fig. 6 as it is placed in the same
line. The plots for UPFC and SVC coincide with each other as during outage of line 1–8 it is assumed that only shunt
compensation provided by the UPFC is active, it is observed from Table 6 and Figs. 3–6 that the UPFC placement in
the system results in the maximum enhancement in the loading margin for the intact system as well as for the majority
of the critical line outages.
6.  Conclusions
In this paper, new sets of sensitivity indices for optimal placement of FACTS controllers have been proposed.
The proposed sensitivity factors have been defined to relate change in system loading factor (λ) with respect to the
parameters of the FACTS controllers. These have been computed for the system intact as well as the critical contingency
cases to identify a bus or a line most suitable for the placement of shunt or (SVC) were considered at a bus having
maximum positive value of the sensitivity of loading factor with respect to reactive power source output. The Placement
of Thyristor Controlled series Compensator (TCSC) was considered in a line having most negative value of sensitivity
of loading factor with respect to line reactance. In addition, UPFC has been placed, utilizing the above computed
sensitivity indices, in one of the most sensitive line suitable for placement of the series controller while simultaneously
connected to a bus being one of the most sensitive buses for the placement of the shunt controller. The effectiveness of
the three types of FACTS controllers has been demonstrated the IEEE 14-bus system.
All the three types of FACTS controllers, so placed optimally in the system, improve the static voltage stability
margin measured in terms of the critical loading value for the system intact as well as for the critical contingency cases.
Out of the three controllers considered, placement of UPFC provides relatively more enhancement of the voltage
stability margin as compared to the SVC and the TCSC. Thus, the proposed sensitivity factors are found to be quite
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ffective for optimal placement of the FACTS controllers. These factors can be easily computed and are quite simple
o adopt.
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